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I. Introduction
The modern industrial economy can appropriately be 
thought of as linear in nature. Natural resources are 
extracted from the hinterlands in the form of, for instance, 
timber, minerals, or wildlife; transported from the periph-
ery towards urban centers; converted into products through 
craft or manufacture; used by businesses or individual con-
sumers; and then thrown away. This linear economy has 
succeeded in many respects. It has produced extraordinary 
economic development, and it has increased quality of life 
and human well-being in many places around the world. 
It has also frequently, and repeatedly, run into natural lim-
its. There is only so much in the way of untapped natural 
resources. And there is only so much space in which to dis-
pose of our waste. Moreover, the linear industrial economy 
has produced many forms of environmental pollution; at 
one point or another, citizens in the United States and 
elsewhere have concluded that streets, oceans, rivers, the 
soil itself, and the atmosphere are either entirely inappro-
priate disposal sites for solid waste or else require systems 
and standards to manage the associated risks and preserve 
certain amenities, such as non-contaminated beaches and 
open space. In addition, at every step of the process, from 
extraction through disposal, greenhouse gases (GHGs) are 
emitted. When a product winds up in a landfill or inciner-
ated at a commercial facility, the GHG emissions that went 
into it—its embedded emissions—like the product itself, 
become waste. In some instances, as with food waste left to 
decompose or incineration of solid waste, the product itself 
converts into GHGs.
The limits confronting the linear economy, and the 
pollution problems it produces, will only become more 
intense in the coming years, as the earth’s population 
reaches an estimated 9.7 billion people by mid-century,1 
including three billion new middle-class consumers,2 and 
the U.S. population increases by almost a third, to reach 
417 million people by 2060.3 Human societies are rapidly 
depleting natural resources and degrading and destroying 
ecosystems, even as we are running out of land for waste 
1. U.N. Department of Economic and Social Affairs, World Population 
Prospects: 2015 Revision, Key Findings and Advance Tables 2 (2015) 
(ESA/WP.241). 
2. Richard Dobbs et al., Mobilizing for a Resource Revolution, McKinsey Q., 
Jan. 2012, http://www.mckinsey.com/business-functions/sustainability-and- 
resource-productivity/our-insights/mobilizing-for-a-resource-revolution. 
3. U.S. Census Bureau, U.S. Population Projections 2014-2060 (2014).
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Summary
The circular economy represents a powerful new paradigm for materials consumption and solid waste manage-
ment. Instead of beginning with extraction and ending with waste, the circular economy begins with material 
already in use, or else material designed for iterative uses, moves through production and consumption, and into 
waste management, which secures a revived or altered source material, which in turn moves though production 
and consumption, and so on, over and over again. Achieving significant greenhouse gas reductions in this area 
requires widespread shifts in production and consumption toward what can be expressed succinctly in a familiar 
refrain: “reduce, reuse, recycle.” There are a number of legal pathways to achieving emissions reductions through 
materials consumption and solid waste management. Corporate governance as well as research and development of 
new materials can play a significant role, and significant advances can be made through regulatory interventions. 
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disposal.4 Each of these problems is exacerbated by climate 
change, which puts new stresses on ecosystems and land 
use. What is more, we can no longer afford to either waste 
or release the embedded GHGs housed in products and 
materials. To achieve deep decarbonization, GHG emis-
sions need to be reduced at every turn.5 Accordingly, there 
is a clear need for a new paradigm to inform and man-
age the material goods and services that constitute our real 
economy. 
The circular economy represents one potential new 
paradigm, one which, due to its economic and ecological 
efficiencies, and its benefits for corporate performance and 
environmental quality, has quickly gained traction with 
businesses and environmental advocates alike.6 While the 
linear economy is defined by its progression toward mate-
rial disposal, the circular economy is defined by its loop-
ing materials back into utility—that is, by reuse, repair, 
repurposing, remanufacturing, and recycling.7 Instead of 
beginning with extraction of virgin material and ending 
with waste, the circular economy model begins with mate-
rial already in use, or else material designed for iterative 
uses, moves through production and consumption and 
into waste management, which secures a revived or altered 
source material, which in turn moves though production 
and consumption, and so on. In this system, products and 
services are designed to enable more efficient circulation 
through a recurrent life cycle, with minimal loss of quality. 
This chapter examines how the law may be used to 
facilitate a transition in materials and solid waste man-
agement that would contribute to deep decarbonization, 
setting forth a number of legal developments that could 
contribute to the eventual construction of a circular econ-
omy in the United States. For present purposes, however, it 
is necessary to cabin the concept of the circular economy. 
Taken to its logical extreme, the circular economy is an 
all-encompassing concept that requires a fundamental 
reorganization of property rights, food systems, energy 
4. Millennium Ecosystem Assessment, Ecosystems and Human Well-
being (Rachid Hassan et al. eds., 2005); U.N. Environment Programme 
& International Global Solid Waste Association, Global Solid 
Waste Management Outlook Report 7 (David Wilson et al. eds., 2015) 
[hereinafter Global Solid Waste Management Outlook].
5. Deep Decarbonization Pathways Project, Pathways to Deep Decar-
bonization 2015 Report (Sustainable Development Solutions Network & 
Institute for Sustainable Development and International Relations 2015), 
available at http://deepdecarbonization.org/wp-content/uploads/2016/03/
DDPP_2015_REPORT.pdf.
6. See generally U.S. Chamber of Commerce Foundation, Achieving a Cir-
cular Economy: How the Private Sector Is Reimagining the Future of 
Business (2015); Anders Wijkman & Kristian Skanberg, The Circular 
Economy and Benefits for Society: Jobs and Climate Clear Winners 
in an Economy Based on Renewable Energy and Resource Efficiency 
(2015); Ellen MacArthur Foundation & McKinsey Center for Busi-
ness and Development, Growth Within: A Circular Economy Vision 
for a Competitive Europe (2015); Global Solid Waste Management 
Outlook, supra note 4.
7. Ellen MacArthur Foundation, Circular Economy System Diagram, https://
www.ellenmacarthurfoundation.org/circular-economy/interactive-diagram 
(last visited Oct. 30, 2017).
systems, industrial systems, waste management systems, 
and, indeed, entire socioecological and economic systems. 
What is more, as the economy is global, a truly circular 
economy would also require global transformation. The 
intent here is to examine a more limited notion of the cir-
cular economy as a form of domestic industrial ecology, 
focused on the production and management of a limited 
universe of material goods and product-based services, 
principally materials and products that would otherwise 
be eventually managed as municipal and industrial solid 
waste. Moreover, the chapter does not aim to deal com-
prehensively with waste management as a means to reduce 
GHG emissions. For example, the chapter does not cover 
landfills, the primary source of direct waste-related GHG 
emissions, which are addressed in Chapter 33 (Methane). 
The chapter also does not cover wastewater management. 
(Wastewater does contribute some amount of GHGs to 
the nation’s total,8 and biosolids recovery may present 
some opportunity to recapture some of those emissions.9) 
Nor does the chapter cover upstream management of food 
production, which is covered in Chapter 30, or industrial 
production, which is covered in Chapter 12. 
With this version of the circular economy in mind, the 
desired shifts in production and consumption become 
somewhat easier to conceptualize. In fact, they can be 
expressed succinctly, and in an exceedingly familiar way: 
“reduce, reuse, recycle.” The available legal pathways 
towards these goals—reduction of raw material produc-
tion and consumption, reuse of materials and products 
already in circulation, and recycling of materials that 
can no longer be reused in their current format—are also 
familiar. A noncomprehensive list includes, first and fore-
most, regulatory interventions such as recycling rules for 
various waste streams, including organic waste; mandatory 
solid waste management planning; materials and product 
content controls; and procurement policies. The list would 
also include funding and incentivizing research and devel-
opment of new materials. Finally, innovations in retailer-
consumer transactions and corporate governance can 
assist in the transition to a large-scale, closed-loop cycle 
of production and consumption. (Other legal techniques 
that attempt to alter personal behavior are discussed in 
Chapter 3.)
8. U.S. Environmental Protection Agency, Inventory of U.S. 
Greenhouse Gas Emissions and Sinks: 1990-2013 ch. 7 (2015) (EPA 
430-R-16-002).
9. SYLVIS Environmental, The Biosolids Emissions Assessment Model 
(BEAM): A Method for Determining Greenhouse Gas Emissions 
From Canadian Biosolids Management Practices (2009), http://faculty.
washington.edu/slb/docs/CCME_final_report.pdf. 
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II. Characterization of the Circular 
Economy and Its Climate Benefits
A. A Brief History of the Circular Economy
According to the Ellen MacArthur Foundation, one of the 
most visible proponents of the circular economy concept, 
the idea of the circular economy draws from a number of 
influences, including the Cradle to Cradle concept and 
certification process and the publication of Walter Stahel’s 
Performance Economy in 2006.10 The foundation published 
Towards a Circular Economy in 2012, setting forth the case 
for adopting the circular economy as a mobilizing force for 
a more sustainable pattern of production and consump-
tion. Since then, the foundation has released a number of 
reports, making the business case for a circular economy; 
explicating its implementation in sectors such as consumer 
goods, digital products, and plastics; and identifying criti-
cal policy choices for decisionmakers.11 Governments, 
international and national organizations, corporations, 
start-ups, and think tanks have caught on as well, and 
the concept enjoys an ever-increasing discursive impact. 
In addition to efforts undertaken by the European Union 
(EU), China, and Japan (discussed further below), the 
United Nations Environment Programme (UNEP), the 
U.S. Chamber of Commerce, and companies ranging in 
size and impact from Walmart and Dell to Looptworks 
and Thread have attached themselves to the circular econ-
omy. The U.S. Environmental Protection Agency’s (EPA’s) 
Sustainable Materials Management program also resonates 
with circular economy precepts.12 
B. The Effect of the Circular Economy on GHG 
Emissions 
The precise effect a complete transition to a circular econ-
omy would have on U.S. GHG emissions is uncertain. (The 
Deep Decarbonization Pathways Project (DDPP) reports 
are directed at achieving an 80% reduction in U.S. GHG 
emissions by 2050.13 But they do not calculate emissions 
reductions to be achieved through improvements to mate-
rials management. Similarly, the Obama Administration’s 
United States Mid-century Strategy for Deep Decarboniza-
tion does not place any emphasis on materials manage-
10. See Ellen MacArthur Foundation, Schools of Thought (describing each named 
influence), http://www.circulareconomy.com/circular-economy/schools-of-
thought/cradle2cradle (last visited Oct. 30, 2017).
11. See Ellen MacArthur Foundation, Publications, https://www.ellenmacarthur-
foundation.org/publications (last visited Oct. 30, 2017).
12. See U.S. Environmental Protection Agency, Sustainable Materials 
Management: The Road Ahead (2009). 
13. United Nations Environment Program, Global Waste Management 
Outlook 8 (2015).
ment or the circular economy.14) Yet, it seems intuitive that 
the circular economy will reduce GHG emissions waste, 
and therefore GHG emissions: when material wastes 
are reduced, reused, or recycled, less energy is needed to 
obtain raw materials, transport them, and manufacture 
them; when energy demand decreases, fewer fossil fuels are 
burned and less GHGs are emitted into the atmosphere. 
As noted in a 2015 UNEP report:
[U]pstream actions to address the problem at source, such 
as designing out waste, preventing its generation and reus-
ing products, have the potential for much greater carbon 
savings, as these displace greenhouse gas emissions across 
a wide range of sectors which would otherwise be incurred 
to provide the displaced products. Similarly, recycling 
replaces virgin materials at a much lower carbon cost and 
thus reduces emissions across the economy.15
In addition, with less organic material in the waste stream, 
one would expect fewer emissions to emerge from the 
waste’s decomposition. 
Yet, understanding the real impact of a circular economy 
on GHG emissions is complicated. Many of the emissions 
reductions to be achieved through the circular economy 
are linked to emissions reductions that may be achieved 
in other sectors: from the nonroad vehicles and machin-
ery that extract raw natural resources; from the vehicles, 
trains, and ships that transport materials from extraction 
to processing, from processing to retail, and from retail 
to consumption (Chapter 17 (Shipping)); from industrial 
facilities that manufacture the goods (Chapter 12 (Indus-
trial Sector)); and from landfills and waste-to-energy 
facilities where goods wind up at the end of the linear pro-
gression (Chapter 33 (Methane)), among other places. If 
all of these other sectors are decarbonized through tech-
nological and legal innovations, then the GHG emissions 
impact of materials management will be decreased propor-
tionally. Moreover, much of the circular economy concept 
depends on the prospects for manufacturing new materials 
that can endure multiple or even infinite use cycles without 
compromising quality, remanufacturing existing materi-
als, and reusing existing products. These processes each 
require energy, and therefore may result in GHG emis-
sions themselves, unless they are powered by carbon-free 
power and employ their own circular economy systems. 
A full accounting of the circular economy’s impact, then, 
would have to compare circular economy emissions with 
both the status quo alternative and with the deep decar-
bonization alternative that produces source-based reduc-
tions throughout a material’s life cycle.
14. The White House, United States Mid-century Strategy for Deep 
Decarbonization (2016).
15. See Global Solid Waste Management Outlook, supra note 4.
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It is beyond the scope of this chapter to endeavor to 
extrapolate an estimate for U.S. GHG emissions reduc-
tions to be achieved through a circular economy.16 EPA’s 
Sustainable Materials Management program may provide 
useful information. EPA has conducted several comprehen-
sive sector and systems analyses of materials management. 
For example, in a 2009 report, Opportunities to Reduce 
Greenhouse Gas Emissions Through Materials and Land 
Management Practices, EPA determined that, as of 2006, 
GHG emissions from materials management amounted to 
42% of total national emissions (29% from the provision 
of goods and 13% from the provision of food).17 The report 
also estimates the GHG reductions from a reduction in 
packaging (50% reduction = 40-105 million metric tons 
carbon dioxide equivalent (CO2e)/year), reduction in non-
packaging paper products (50% = 20-70 million metric 
tons CO2e/year), extended life of personal computers (50% 
= 25 million metric tons CO2e/year), increased recycling of 
construction and demolition debris (100% = 150 million 
metric tons CO2e/year), increased recycling and compost-
ing of municipal solid waste (100% = 300 million metric 
tons CO2e/year), and increased composting of food scraps 
(100% = 20 million metric tons CO2e/year).
18 Taking the 
most optimistic projections from EPA’s report, applying a 
“reduce, reuse, recycle” strategy to these key categories of 
solid waste could produce a GHG emission reduction of 
approximately 23% from the overall emissions directly and 
indirectly associated with materials management, or a total 
of 9.75% economy-wide emission reduction.19 
16. There are some interesting international points of comparison. UNEP has 
noted that some estimates conclude that a 15%-20% reduction in global 
GHGs could be achieved through a combination of waste prevention, landfill 
mitigation, waste diversion, waste-to-energy processes, recycling, and other 
types of solid waste management. See Global Solid Waste Management 
Outlook, supra note 4, at 12. A report issued by the Club of Rome on the 
effects of a shift to a circular economy in Finland, France, the Netherlands, 
Spain, and Sweden estimates reductions in three potential circular economy 
scenarios: a 25% increase in energy efficiency, a 50% increase in renewable 
energy production, and material-efficient manufacturing processes with a 
25% decrease in overall material input, and a 50% decrease in virgin material 
input. The report predicts that for each country there would be a roughly 
65% cumulative reduction in GHG emissions if all three circular economy 
reduction scenarios were pursued. See Wijkman & Skanberg, supra note 6. 
EPA’s Waste Reduction Model (WARM) provides one potential starting point 
for a U.S. calculation. See EPA, Wastes—Resource Conservation—WARM, 
https://www3.epa.gov/warm/Warm_Form.html (last updated June 12, 2017). 
However, WARM does not account for many important sources of waste 
that would be affected by a shift to a circular economy, such as appliances, 
vehicles, or most e-waste.
17. EPA, Opportunities to Reduce Greenhouse Gas Emissions Through 
Materials and Land Management Practices 2 (2009) [hereinafter Op-
portunities to Reduce Greenhouse Gas Emissions]. See also EPA, Solid 
Waste Management and Greenhouse Gases: A Life-cycle Assessment 
of Emissions and Sinks (2006); EPA, Greenhouse Gas Emissions From 
Management of Selected Materials in Municipal Solid Waste (1998). 
18. Opportunities to Reduce Greenhouse Gas Emissions, supra note 17, 
at 4.
19. Under these projections, emissions reductions could total 670 million met-
ric tons CO2e. As noted in the text above, services relevant to this chapter 
directly or indirectly account for 42% of U.S. emissions. In 2014, the total 
emissions from the United States were 6,870. Thus, materials management 
Thus, consideration of legal pathways based on circular 
economy concepts provides additional ways of achieving 
the 80% reduction goal identified in the DDPP reports. 
These additional pathways could speed up achievement of 
the required reduction; provide greater social, economic, 
or environmental benefits; or reduce costs. Calculating any 
emission reduction estimate depends on how one defines 
the system scope—that is, on which processes, materials, 
products, and wastes are included and which ones are not. 
The following section addresses some of the legal tech-
niques that have been used to date to either implement 
circular economy reform, or else to target specific parts of 
the materials management puzzle.
III. Legal Techniques for a Circular 
Economy
EPA estimates discussed above rely on achieving 100% 
recycling of municipal solid waste and composting of 
food scraps. At least one legal technique for achieving this 
extraordinary feat is relatively straightforward: new leg-
islation at the federal level mandating that all municipal 
solid waste, including food scraps, be recycled or compos-
ted, with a delegation of authority to the states to estab-
lish solid waste management plans to achieve this goal. 
Similarly, reductions in the use of packaging material and 
non-packaging paper products consistent with EPA’s esti-
mates could be achieved through new federal legislation 
that establishes a uniform, economy-wide set of materials 
requirements and quantity limits. The energy efficiency of 
personal computers (though not necessarily the expected 
life-span) could also be achieved through new federal leg-
islation directing the U.S. Department of Energy to estab-
lish standards for personal computer manufacturers. (See 
Chapter 9 (Lighting, Appliances, and Other Equipment).) 
In reality, action on any of these matters by the U.S. 
Congress is highly unlikely, if not entirely inconceiv-
able, and materials consumption and waste management 
reform will never be nearly so neat in our federalist system. 
There simply is not a single formula for enacting a full, 
or even a partial, transition to a circular economy. How-
ever, there are some useful examples. For instance, there 
have been notable regulatory interventions: Japan, China, 
and the EU have each legislated broad reforms intended to 
address materials management in a systematic way and, to 
a greater or lesser degree, implement the circular economy 
idea. In the United States, states and local governments 
have been left to their own devices to innovate, produc-
ing a patchwork of approaches to addressing discrete parts 
of the materials management problem. Public and private 
research and development has also begun to introduce 
could account for 42% of 6,870, or 2,885 million metric tons CO2e. And 
670 is 23.2% of 2,885; 9.75% of 6,875.
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innovations that can contribute to the overall reduction in 
GHG emissions associated with our production, consump-
tion, and management of remnant materials, and entre-
preneurs and inventors have developed new materials that 
may help shape, in a literal sense, the content of the circu-
lar economy. Finally, corporations and industrial facilities 
have also, in a few instances, adopted private governance 
regimes oriented toward transitioning to a circular econ-
omy model. This section reviews some of the most notable 
developments to date.  
A. Regulatory Interventions
1. Existing Approaches: Foreign Country 
Legislation
Circular economy reforms in Japan, China, and the EU 
offer some insight into what a legal transition might entail.
In the wake of deep oil shortages brought on by the 
1970s oil crises, Japan began its transition towards a circu-
lar economy. Its first comprehensive legislation, the Law for 
Promotion of Effective Utilization of Resources, was passed 
in 1991, and set out a legal framework for manufacturers, 
outlining mandatory take-back rules, recycling quotas, 
reuse guidelines, and waste byproduct limits.20 In the 1993 
Basic Environment Law, Japan created an environmental 
council tasked with drafting an environmental plan that 
articulates basic principles for government, corporations, 
and citizens to promote environmental conservation.21 The 
2000 Basic Law for Establishing a Recycling-based Soci-
ety assigns basic waste management responsibilities to the 
national government, local governments, businesses, and 
citizens, and establishes an order of priority for waste man-
agement techniques: reduction, reuse, recycling, incin-
eration, and proper disposal.22 Together, these three laws 
establish the general principles of reduction in front-end 
resource use, and recycling and reuse of resources at the 
end of their normal use cycle. These general principles are 
supported by specific protocols, consistent with circular 
economy concepts, that regulate the life-cycle management 
of products such as containers and packaging,23 construc-
20. [Law for Promotion of Effective Utilization of Recyclables], Law No. 48 of 
1991 (Japan).
21. [Basic Environmental Law], Law No. 91 of 1993 (Japan).
22. [Basic Law for Establishing a Recycling-based Society], Law No. 110 of 2000 
(Japan).
23. [Law for Promotion of Sorted Collection and Recycling of Containers and 
Packaging], Law No. 112 of 1995 (Japan) (creating a national recycling 
policy guiding municipal sorting, collection, and recycling of glass, plastic, 
polystyrene, paper, and metal containers and packaging waste created by 
businesses and consumers).
tion material,24 home appliances,25 food waste,26 and vehi-
cles.27 The Green Purchasing Law of 2000 requires that 
government institutions formulate, publish, and act upon 
an annual policy for purchasing eco-friendly products.28
China is the world’s second largest economy and one 
of the world’s leading producers of manufactured prod-
ucts. The operation of the Chinese economy requires 
extensive and intensive resource use. Recognizing some of 
the economic and environmental problems arising from 
its extraordinary pace of economic development and the 
volume of its manufacturing activity, the Chinese govern-
ment enacted the Circular Economy Promotion Law in 
2008, made operational in 2009, in the hopes of increas-
ing production efficiency.29 This law requires local and 
provincial planners to consider circular economy issues, 
like recycling and reuse, in any planning effort. The law 
calls for the state to set specific resource reduction goals in 
the “steel, non-ferrous metals, coal, power, oil processing, 
chemical, building materials, construction, paper-making, 
printing and dyeing” industries.30 Despite its ambition, the 
law “contains few enforceable provisions” and leaves both 
the collection of data and the creation of regulation targets 
to the discretion of local and provincial government enti-
ties, limiting its efficacy.31 
The EU is the latest large governmental body to under-
take a circular economy initiative. The EU Action Plan for 
the Circular Economy was adopted in 2015 by the Euro-
pean Commission.32 The action plan creates common EU 
targets for recycling municipal waste and for reducing the 
amount of municipal waste that reaches a landfill. The 
action plan also develops targets for food waste collection, 
packaging recycling, extended producer responsibility 
(EPR) laws, and water use reduction. This plan is not yet 
law, as it still needs to be approved by the European Coun-
24. [Construction Material Recycling Law], Law No. 104 of 2000 (Japan) 
(requiring recycling of concrete, iron, wood, and asphalt created as a result 
of construction, civil engineering, renovation, and demolition projects).
25. [Law on Recycling of Specified Kinds of Home Appliances], Law No. 97 of 
1998 (Japan) (requiring consumers and retailers to return air conditioners, 
televisions, refrigerators and freezers, and washing machines and clothes 
dryers to manufacturers, and requiring manufacturers to accept and recycle 
the returned products). 
26. [Food Recycling Law], Law No. 176 of 2001 (Japan) (establishing recycling 
targets for food manufacturers, food retailers, food wholesalers, and catering 
services/restaurants).
27. [End-of-life Vehicle Law], Law No. 87 of 2002 (Japan) (establishing a 
consumer paid recycling program for all four-wheel vehicles to collect 
chlorofluorocarbons, airbags, and shredder dust and to recycle auto parts).
28. [Act on Promoting Green Purchasing], Law No. 100 of 2000 (Japan).
29. [Circular Economy Promotion Law] (promulgated by the Standing Com-
mittee of the National People’s Congress, Aug. 29, 2008, effective Jan. 1, 
2009) (China).
30. Id. ch. 2, art. 16.
31. See Erin Ryan, The Elaborate Paper Tiger: Environmental Enforcement and the 
Rule of Law in China, 24 Duke Envtl. L. & Pol’y F. 183 (2013).
32. A concise summary is provided at Sara Priestley, House of Commons, 
Commons Briefing Paper CBP-7416, EU Circular Economy Package 
(2015), http://researchbriefings.parliament.uk/ResearchBriefing/Summary/
CBP-7416.
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cil, the European Parliament, and then officially adopted 
into law by individual Member nations. 
As these examples make evident, circular economy 
reform requires setting quantifiable targets for waste reduc-
tion and an overall plan for achieving them. These targets 
and plan may be set by the legislature or by a council or 
agency delegated appropriate authority. The plan of action 
inevitably entails a multiplicity of strategies and tactics for 
reducing waste, reusing materials and products, and recy-
cling most of those that can no longer be used in their 
existing form. (These are explored further below.) In addi-
tion, as a practical matter, any comprehensive approach 
necessitates dealing individually with different types of 
materials and products. 
None of the three examples executes a full transition 
to a circular economy. Doing so requires an overhaul of 
a country’s entire system of production and consump-
tion—including products imported and exported through 
international trade. Rather, specific sectors have been 
emphasized for a number of reasons, including their 
impact on landfills, the toxicity of their component parts, 
and practicability. In contemplating the potential role of 
such a partial transition in deep decarbonization, life-cycle 
GHG emissions should be included as a factor in deter-
mining which sectors to focus on initially.
2. State and Local Laws in the United States
As the Japanese, Chinese, and European efforts illustrate, 
circular economy reforms expand on the familiar refrain 
of “reduce, reuse, recycle” in a number of ways.33 In the 
United States, state and local efforts to ban certain mate-
rials and products, to impose life-cycle obligations on 
producers and manufacturers, to mandate or incentivize 
recycling, and to compost food scraps offer some case stud-
ies that help identify available legal pathways to a circular 
economy.
a. Local Product Bans, Fees, and Recycling 
Requirements
Recent years have witnessed the emergence of local move-
ments to ban two products, in particular, from municipal 
economies: plastic bags and Styrofoam (expanded polysty-
rene foam). These developments demonstrate local govern-
ments’ authority, at least in some contexts, to exercise the 
police power to rid local economies of problematic materi-
als or products. 
33. G. Gordon Davis & Jessica A. Hall, Circular Economy Legislation—The 
International Experience (2006).
Localities in some 15 states and the District of Colum-
bia have passed some form of plastic bag regulation.34 These 
regulations include outright bans on plastic bags, complete 
bans on all non-compostable bags, fees from one cent to 25 
cents per bag sold, and mandatory recycling requirements. 
Some localities require a review of the plastic bag regula-
tions if certain benchmark reductions in bag use are not 
reached by a given date. The overall purpose of these laws 
is to discourage customers from using non-compostable 
bags and to encourage both recycling of plastic bags and a 
switch to the use of reusable or paper bags.
Polystyrene bans have been enacted in municipali-
ties in a number of states, including California, Florida, 
Maine, Maryland, Massachusetts, Michigan, New Jersey, 
New York, Oregon, Texas, and Washington, as well as the 
District of Columbia.35 In some instances, these bans are 
complete and no polystyrene products can be sold in that 
locality. In other instances, the ban applies only to spe-
cific industries (generally the restaurant industry, where a 
majority of the polystyrene packaging waste is produced) or 
specific polystyrene products (generally food ware). Other 
municipalities allow polystyrene products but require that 
they be either recyclable, compostable, returnable, biode-
gradable, or degradable. Whatever the level of the ban, the 
general goal of these ordinances is to reduce the amount 
of nondegradable polystyrene waste that is produced and 
that is landfilled.
The carbon footprints of plastic bags and polystyrene, 
on their own, are relatively small. In fact, from a climate 
perspective, plastic bags may well beat paper.36 However, 
other materials and products could arguably be made sub-
ject to similar local bans based on their carbon content. 
Effective life-cycle carbon assessment would be necessary 
to determine whether and how such approaches might be 
applied to materials and products in the climate change 
context.
b. State Recycling and Extended Producer 
Liability Laws
As noted above, EPA has estimated that increasing the 
municipal solid waste recycling and composting rate 
nationwide to 100% would result in GHG emissions 
reductions of 300 million metric tons CO2e/year.
37 No 
states yet achieve anything like that rate, but they have 
34. Surfrider Foundation, Plastic Bag Bans and Fees, http://www.surfrider.org/
pages/plastic-bag-bans-fees (last visited Oct. 30, 2017).
35. Surfrider Foundation, Polystyrene Ordinances, http://www.surfrider.org/pages/
polystyrene-ordinances (last visited Oct. 30, 2017).
36. See Rae Dilli, Hyder Consulting, Comparison of Existing Life Cycle 
Analysis of Shopping Bag Alternatives: Final Report (2007), http://
www.zerowaste.sa.gov.au/upload/resources/publications/plastic-bag-phase-
out/LCA_shopping_bags_full_report[2]_2.pdf.
37. Opportunities to Reduce Greenhouse Gas Emissions, supra note 17.
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experimented with a number of different approaches that 
could be utilized moving forward.  
Some 19 states and the District of Columbia mandate 
recycling of at least one type of waste, by at least one cat-
egory of waste producer.38 These regulations variably cover 
yard waste, paper waste, office waste, batteries, bottles 
(glass, plastics, and aluminum), electronics, metals, plas-
tics, and waste oil. In some states, these recycling laws are 
broad both in the sources of waste they regulate and the 
waste producers they regulate. California has sought to 
integrate recycling into its attempt to reduce GHG emis-
sions under the Global Warming Solutions Act.39 Con-
necticut has recycling requirements for 15 of 25 listed 
types of waste and applies 13 of these requirements to all 
waste producers, including single-family homes, govern-
ment agencies, and businesses. In other states, regulations 
cover fewer types of waste and fewer waste producers. 
Georgia, for example, only requires lead acid batteries to 
be recycled. South Dakota applies recycling requirements 
to nine types of waste, but only that produced by govern-
ment agencies and universities. 
Not all state recycling laws require actual recycling. 
Statewide bottle bills, for example, have been enacted in 
California, Connecticut, Delaware, Hawaii, Iowa, Maine, 
Massachusetts, Michigan, New York, Oregon, and Ver-
mont.40 These bottle bills all follow the same general pat-
tern of regulation. The first phase is a tax or fee on the 
producers of bottles. The exact types of containers cov-
ered by each state’s regulation vary but commonly apply 
to aluminum, metal, plastic, and glass containers that are 
used for certain or all types of beverages. The producers of 
these containers pay their tax or fee, otherwise known as 
a deposit, either directly to certified redemption centers or 
to the state, which then redistributes the fee, and pass on 
this increased price to customers. Customers must pay the 
normal market price of the beverage plus the deposit fee. 
This system has a two-fold advantage for resource manag-
ers.41 First, an increased price decreases demand, and thus 
the total number of bottles produced and sold is decreased. 
Second, customers are incentivized to return their used 
bottles to stores or redemption centers so that they can 
recoup the deposit fee. Deposit fees range from two to 15 
cents per bottle, with the median fee being five cents per 
38. See, e.g., Northeast Recycling Council, Disposal Bans & Mandatory 
Recycling in the United States (2017), https://nerc.org/documents/
disposal_bans_mandatory_recycling_united_states.pdf.
39. The California Air Resources Board Scoping Plan included a mandatory 
commercial recycling measure designed to achieve a reduction in GHG 
emissions of five million metric tons of CO2e, based on the notion that 
recycling reduces GHG emissions from multiple upstream phases of product 
production and avoided methane emissions at landfills. See Cal. Pub. Res. 
Code §42649 (West 2012).
40. Container Recycling Institute, All U.S. Bottle Bills, http://www.bottlebill.
org/legislation/usa/allstates.htm (last updated Mar. 4, 2015).
41. Brett Godush, The Hidden Value of a Dime: How a Federal Bottle Bill Can 
Benefit the Country, 25 Vt. L. Rev. 855 (2001).
bottle. In all of these states, return rates for bottles covered 
under this bill were greater than 50%, according to the 
most recently available data.42
E-waste laws offer another approach to recycling. As 
of March 2017, some 23 states had electronic take-back 
recycling laws on the books.43 These laws allow consumers 
to return desktop computers, laptops, televisions, printers, 
monitors, and other similar small-scale electronic devices 
free of charge. Common goals for these programs are 
non-binding recycling targets, often between 60%-80% 
between one and three years after implementation. The 
most expansive of these laws require manufacturers to pay 
for collection, transportation, and recycling of these prod-
ucts and ban these manufacturers from landfilling, incin-
erating, or otherwise disposing of the collected products. 
Indiana, for example, requires manufacturers to pay for 
recycling from households, schools, and businesses with 
fewer than 100 employees.44 Manufacturers cover this cost 
based on their in-state market share. Indiana’s require-
ments are enforced through reporting requirements, man-
datory yearly recycling targets, fines for noncompliance, 
and disposal bans, which ensure products are actually 
recycled. In contrast, the laws of many states operate on 
an almost voluntary basis. Missouri, for example, requires 
manufacturers to pay for recycling but does not mandate 
they provide any level of service (pick-up and/or drop-off 
times and locations, minimum or maximum one-time 
product deposits, and so on), meet any recycling goals, or 
suffer any consequences for noncompliance.45
State e-waste laws in many instances represent a less rig-
orous instance of EPR schemes. According to the Product 
Stewardship Institute, some 36 states in the United States 
now have some form of EPR laws on the books.46 These 
laws apply on a product-by-product basis to batteries, car-
pets, electronics, fluorescent lighting, mattresses, mercury 
thermostats, paint, pesticide containers, pharmaceuticals, 
and appliances containing refrigerants. The general pur-
pose of all of these laws is to make producers responsible 
for collecting and then responsibly disposing of, recycling, 
or reusing their products.47
For almost a decade, advocates for EPR have promoted 
comprehensive or “framework” approaches that could be 
applied to multiple products. Such approaches “call on 
42. Container Recycling Institute, supra note 40.
43. Electronics TakeBack Coalition, Brief Comparison of State Laws 




46. Product Stewardship Institute, U.S. State EPR Laws, http://www.product-
stewardship.us/?State_EPR_Laws_Map (last updated Oct. 2017).
47. See generally Jennifer Nash & Christopher Bosso, Extended Producer Respon-
sibility in the United States: Full Speed Ahead?, 17 J. Indus. Ecology 175-85 
(2013); Noah Sachs, Planning the Funeral at the Birth: Extended Producer 
Responsibility in the European Union and the United States, 30 Harv. Envtl. 
L. Rev. 51 (2006).
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producers to take responsibility for designing, managing, 
and financing stewardship programs; government to set 
performance goals and ensure accountability; and con-
sumers to return the products they no longer want to retail 
stores and other designated takeback locations.”48 In the 
United States, only Maine has enacted a framework law,49 
though it does not quite adhere to this more expansive 
vision.50 Nonetheless, there is no question that EPR laws 
have become a fixture at the state and local levels, and that 
they have a significant role to play in advancing a circular 
economy model.51 
c. Managing Food Scraps
Food scraps that are allowed to go to waste remain a sig-
nificant source of GHG emissions, both in their upstream 
production and in their decomposition in landfills.52 
Indeed, the problem of food scraps, both in terms of GHG 
emissions and waste management, is enormous. Accord-
ing to EPA, more than 38 million tons of food waste was 
generated in the United States in 2014, with only 5.1% 
diverted from landfills and incinerators for composting.53 
The non-composted food waste is likely the largest single 
contributor to the nation’s everyday trash load, consti-
tuting an estimated 21.6% of discarded municipal solid 
waste.54 While there are multiple potential uses of repur-
posed food, here, the focus is on the diversion of food 
scraps from commercial and residential sources away from 
landfills and towards composting facilities.55 According to 
EPA, the total diversion of food scraps could result in the 
reduction of GHG emissions by 20 million metric tons 
CO2e/year.
56
 A number of states—Connecticut, Massachusetts, 
Rhode Island, and Vermont—and several large cities—
New York City, Austin, and San Francisco—have enacted 
food scrap recovery rules.57 These regulations generally 
48. Nash & Bosso, supra note 47, at 25.
49. 2010 Me. Laws 516.
50. Nash & Bosso, supra note 47, at 25.
51. See Steven Sarno & Lauren Hopkins, The Rise of Mandatory Product Steward-
ship Programs, 46 A.B.A. Trends 11 (2015).
52. See Ceren Hic et al., Food Surplus and Its Climate Burdens, 50 Envtl. Sci. & 
Tech. 4269 (2016); Food and Agriculture Organization of the United 
Nations, Food Wastage Footprint and Climate Change, http://www.
fao.org/3/a-bb144e.pdf. See also The White House, supra note 14, at 84 
(reducing food waste by 50% by 2030 “would significantly reduce the land, 
fertilizer, energy, and water required for food production and reduce emis-
sions from agriculture, transportation, and landfills”).
53. See EPA, Sustainable Management of Food Basics, https://www.epa.gov/
sustainable-management-food/sustainable-management-food-basics (last 
updated July 6, 2017). 
54. Id.
55. There are also active efforts to divert food scraps to help supplement the diets 
of undernourished populations.
56. Opportunities to Reduce Greenhouse Gas Emissions, supra note 17.
57. For a comprehensive compendium of compost regulations, see US Com-
posting Council, State Compost Regulations, http://compostingcouncil.org/
state-compost-regulations-map/ (last visited Oct. 30, 2017). For further 
discussion, see Nicholas M. Vaz, Are You Gonna Eat That?: A New Wave of 
regulate large-scale food scrap generators (criteria for defin-
ing regulated entities vary) and require that they sort and 
compost on-site or else contract with an appropriate com-
posting facility or service provider. Vermont has banned all 
food scraps from the state’s landfill, with the ban becom-
ing fully phased in by 2020. San Francisco requires all city 
residents to separate food scraps for municipal collection 
and composting. The purpose of these regulations is pri-
marily to save space in landfills by reducing overall food 
waste and by reducing the amount of food waste that ever 
reaches landfills. Still, there is a climate benefit, and it rep-
resents another approach to the circular economy. 
d. Industrial Solid Waste
The federal Resource Conservation and Recovery Act 
(RCRA) has detailed requirements for the management 
of hazardous waste, and less detailed requirements for 
the management of solid waste that is not legally hazard-
ous. While municipal solid waste gets the bulk of pub-
lic attention, another category of solid waste—industrial 
solid waste—is a larger category of waste than is widely 
recognized.58 EPA relies on states to “play a lead role” in 
enforcing its regulations for solid waste.59 Under RCRA, 
states also may adopt more stringent regulations than the 
federal requirements.60 Pennsylvania has developed and 
enacted comprehensive regulations regulating industrial 
solid waste, or what it calls residual waste.61 Residual waste 
is defined as waste “resulting from industrial, mining and 
agricultural operations and sludge from an industrial, min-
ing or agricultural water supply treatment facility, waste-
water treatment facility or air pollution control facility,” 
with certain exceptions.62 Pennsylvania’s regulations have 
stringent requirements for incineration and landfilling, 
and require extensive reporting of residual waste produc-
tion and disposal. But they also incentivize the beneficial 
use of residual waste by providing an easier permitting 
process for these uses. Of the more than 900 residual waste 
facilities in the state, 768 either directly use the waste ben-
eficially or process the waste so that it can subsequently be 
used beneficially.63 According to one study, residual waste 
Mandatory Recycling Has Massachusetts and Other New England States Paving 
the Way Toward Feasible Food Waste Diversion and a New Player in Alternative 
Energy, 26 Vill. Envtl. L.J. 193 (2015).
58. John C. Dernbach, The Other Ninety-six Percent, 10 Envtl. F. 10 (1993).
59. EPA, Resource Conservation and Recovery Act (RCRA) Overview, https://
www.epa.gov/rcra/resource-conservation-and-recovery-act-rcra-overview 
(last updated Feb. 9, 2017). 
60. 42 U.S.C. §6929. 
61. 25 Pa. Code §§287-299. 
62. Id. §287.1.
63. Pennsylvania Department of Environmental Protection, What Is Residual 
Waste Fact Sheet, http://www.dep.pa.gov/Business/Land/Waste/SolidWaste/
Residual/Pages/WhatIs.aspx (last visited Oct. 30, 2017).
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management in Pennsylvania can be credited with avoid-
ing 0.9 million metric tons of CO2e in 2004.
64 
B. Research and Development: Materials 
Innovation
One of the key components of the circular economy con-
cept is the invention and deployment of new materials 
and new ways of utilizing (or reutilizing) existing materi-
als to reduce waste, including the waste of materials’ and 
products’ embedded GHG emissions. This is an area in 
which comparative analysis of GHG emissions is not yet 
available, but that represents a necessary element in con-
sidering long-term solutions to the problem posed by the 
extraction-based, disposal-oriented linear economy. Three 
examples follow.
Wheat straw: Wheat straw, sometimes referred to as 
wheat waste, is made up of the biological material left on 
an agricultural field after wheat is harvested. Some of this 
leftover material becomes straw used on-site (for animal 
feed or soil stability) but much of the material is either 
burned or disposed of as waste. Several companies (includ-
ing Dell, Staples, the packaging materials manufacturer 
Npulp, and the makers of Kleenex) are harvesting this 
material as an alternate paper source.65 The wheat straw is 
collected, pulped, and mixed with new and recycled paper 
pulp to create products as diverse as tissue paper, toilet 
paper, cardboard boxes, and cardboard packaging. Har-
vesting of wheat straw reduces the destruction of virgin 
timber forests, eliminates the GHG emissions that would 
normally arise from burning of wheat straw, and reduces 
the amount of methane-creating biowaste reaching local 
landfills. Dell, one of the many corporations embracing 
wheat straw as a cheaper and greener paper source, claims 
that processing of wheat straw uses 40% less energy and 
90% less water than traditional paper processing.66 Wheat 
straw has the added bonus of being readily available (it is 
produced after nearly every harvest), it is cheap (as farmers 
currently treat it as a waste product), and the amount of 
time it takes to grow a new crop is incredibly low (com-
pared to the amount of time needed to plant and grow 
trees or other live biomaterial normally utilized to create 
paper products). 
Cellulosic ethanol: Liquid biofuels have the potential 
to reduce fossil fuel combustion and GHG emissions in 
64. M.J. Eckelman & M.R. Chertow, Quantifying Life-cycle Environmental 
Benefits From the Reuse of Industrial Materials in Pennsylvania, 43 Envtl. 
Sci. & Tech. 2550 (2009).
65. See U.S. Chamber of Commerce Foundation, supra note 6, at 18;YFYJu-
piter, Npulp—Sustainable Packaging Made From Straw, http://www.yfyjupiter.
com/about-us/npulp/ (last visited Oct. 30, 2017); Paper Towels, Toilet Paper 
Latest Uses for Wheat Straw, Chi. Trib., Apr. 11, 2015, http://www.chicago-
tribune.com/business/chi-wheat-paper-towels-toilet-paper-20150411-story.
html.
66. U.S. Chamber of Commerce Foundation, supra note 6, at 18.
the transportation industry. Ethanol is the primary bio-
fuel used in these efforts. Ethanol is primarily produced 
through conversion of corn or sugar-based crops into 
liquid fuel.67 Creating ethanol from live crop harvesting 
raises both environmental concerns (growing crops uses 
fossil fuels, pesticides, fertilizer, and water, and converting 
these crops into ethanol and burning them in a mixture 
with gasoline still creates GHG emissions) and social jus-
tice concerns (as a greater portion of available agricultural 
land is used to grow corn for ethanol, less land is available 
for food crops). Creating ethanol from agricultural waste 
(cellulosic ethanol) limits many of the concerns related to 
traditional ethanol production while retaining the primary 
goal of reducing fossil fuel emissions through the imple-
mentation of biofuels. (Bioenergy feedstocks are discussed 
in Chapter 25.)
Mushrooms: Mushrooms can be converted into plastic-
like materials and are an emerging bio-alternative to plastic 
and polystyrene packaging sources. The primary produc-
tion occurs in the dark and uses agricultural waste as an 
energy source for the mushrooms’ growth. Mushroom 
packaging takes less than two weeks to shape and grow 
and uses less than 10% of the energy needed to produce 
similar plastic products.68 Mushroom packaging is also 
compostable when placed in a normal residential compost 
pile or a commercial composting facility. 
C. Corporate Governance
As noted above, the circular economy has been embraced 
by powerful actors in the private sector, including the U.S. 
Chamber of Commerce and a number of Fortune 500 com-
panies.69 A number of companies have tied circular econ-
omy commitments to GHG emissions reductions; others 
promote links to energy efficiency improvements, energy 
savings, reduced fossil fuel consumption, or reduced waste. 
There is no one-size-fits-all approach, or set of metrics or 
indicators. The following case studies illustrate how cor-
porate governance may prove critical to circular economy 
innovation and implementation.
Dell Inc.: Dell has undertaken a number of initiatives 
to “close the loop” and realize the potential of a circular 
economy approach.70 In manufacturing new products, 
Dell uses at least 10% post-consumer closed-loop recycled 
content. Dell also collects consumer e-waste of any brand 
67. Martin Hirschnitz-Garbers & Jorrit Gosens, Producing Bio-ethanol 
From Residues and Wastes (Recreate, Policy Brief No. 2, 2015).
68. Interview by GreenBiz Forum With Eben Bayer, Chief Executive Officer, 
Ecovative, Phoenix, Ariz. (Mar. 17, 2014). For more information on 
mushroom-based packaging, see Greg Holt et al., Fungal Mycelium and 
Cotton Plant Materials in the Manufacture of Biodegradable Molded Packaging 
Material: Evaluation Study of Select Blends of Cotton Byproducts, 6 J. Biobased 
Materials & Bioenergy 431 (2012).
69. U.S. Chamber of Commerce Foundation, supra note 6.
70. Id. at 18.
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through its Dell Reconnect program; the company then 
sorts, breaks down, and sends the component part plastic 
to its factories for reuse in future Dell products. Accord-
ing to Dell, reclaimed and recycled plastic creates an esti-
mated 11% fewer carbon emissions.71 Dell also has a goal 
to reduce packaging waste and has looked to new, biode-
gradable materials to achieve this goal, including wheat 
straw, bamboo, and mushroom-based cushioning. 
Hewlett Packard (HP): HP focuses extensively on both 
collecting used ink cartridges for recycling and on creating 
new ink cartridges from recycled material. According to 
the company, 75% of new ink cartridges use recycled plas-
tics (the plastic comes from both returned ink cartridges 
and other collected consumer recycled plastic).72 This effort 
has reduced HP’s energy consumption by 54%, fossil fuel 
consumption by 54%, and water usage by 75%, with cor-
relating GHG emissions reductions.73 It is unclear what 
percentage of ink cartridges are returned from individual 
customers, but HP does have a smart printing service that 
automates this exchange process for larger customers. 
Smart printers alert HP when they are low on ink, which 
triggers HP to send a new ink cartridge and an accompa-
nying prepaid package that the customer can use to return 
the used ink cartridge.
Royal Philips: Philips has started to create a “performance 
economy” in select lighting and healthcare scenarios, shift-
ing away from selling products to selling services.74 For 
example, through the company’s “pay-per-lux” program,75 
Philips retains ownership of its lighting products while cus-
tomers simply pay for the lighting they need. This system 
allows Philips to maintain ownership of their products, 
increase its ability to replace and recycle outdated technol-
ogy, and continue receiving payment throughout the life 
of the project rather than receiving the traditional up-front 
investment. Consumers benefit in the short term by avoid-
ing the large initial cost of lighting infrastructure and in 
the long term by delegating maintenance and upgrading 
services to Philips, the owner and operator of the lighting 
system. According to Philips, energy savings are estimated 
to be between 50%-70% as compared with the traditional 
scenario.76 Philips employs similarly styled health equip-
71. Press Release, Dell, Dell Launches Industry First Recycled Carbon Fiber, Advanc-
es Circular Economy Model for IT Industry (Sept. 28, 2015), http://www.dell.
com/learn/us/en/uscorp1/press-releases/2015-09-28-dell-launches-industry.
72. Maxine Perella, How HP and Kyocera Are Applying Circular Economy 
to Printing, Guardian, May 28, 2014, https://www.theguardian.com/
sustainable-business/hp-kyocera-circular-economy-printing; U.S. Chamber 
of Commerce Foundation, supra note 6, at 24-25.
73. U.S. Chamber of Commerce Foundation, supra note 6, at 24-25.
74. Ellen MacArthur Foundation, Philips and Turntoo—Selling Light as a Service, 
https://www.ellenmacarthurfoundation.org/case-studies/selling-light-as-a-
service (last visited Oct. 30, 2017).
75. Id.
76. Thomas Fleming & Markus Zils, Towards a Circular Economy: Philips CEO 
Frans van Houten, McKinsey Q., Feb. 2014, http://www.mckinsey.com/
business-functions/sustainability-and-resource-productivity/our-insights/
toward-a-circular-economy-philips-ceo-frans-van-houten.
ment as a service model for its healthcare business, sell-
ing the service of new, large healthcare equipment, such 
as MRI machines, to hospitals rather than the technology 
itself. At the end of the products’ initial life cycle, Phil-
ips reclaims and refurbishes the machines and eventually 
resells or rents them to hospitals looking to save money on 
high-functioning but used machinery.
General Motors (GM): GM is pursuing its circular econ-
omy efforts by focusing on internal efficiency and zero-
waste production at its own facilities. GM claims that more 
than 100 facilities have achieved this zero-waste goal.77 
Zero-waste facilities reuse, recycle, and sell all of their 
waste, sending zero waste to landfills. Plastic, metal, and 
wood waste is reused or recycled. GM’s electronic byprod-
ucts tracking system (along with their willingness to make 
a $10/ton of waste initial program investment) allowed the 
company to make its zero-waste program a reality.78
Caterpillar: This manufacturer of large nonroad equip-
ment employs a type of product-as-a-service model with 
some of its engines and products. These products are 
designed to be easily remanufacturable. Rather than being 
disassembled and recycled, certain parts of returned prod-
ucts (like engines and in some cases larger machines) can 
simply be removed and replaced, leaving the main prod-
uct’s ability to function unaffected. Caterpillar sells these 
remanufactured products at a discounted rate with, essen-
tially, a deposit fee. If customers return the product before 
failure, and thus in time for remanufacturing, they retain 
their deposit. Caterpillar has seen 94% compliance with 
this program, which has allowed continual refurbishing 
and resale of products.79
IV. Legal Pathways to a Circular Economy 
in the United States
In the absence of federal legislation, the legal pathways to 
a circular economy in the United States will inevitably be 
more fragmented and variable than in Japan, China, or 
the EU. Simply put, there is no overarching federal leg-
islation that addresses the materials management issues 
that must be addressed to achieve a circular economy and 
the GHG emissions reductions a circular economy would 
presumably entail; there is not even federal legislation that 
addresses the more straightforward recycling efforts that 
EPA has projected could reduce national GHG emissions 
by 670 million metric tons CO2e/year.
80 This is in part a 
function of the long-held view that “waste disposal [is] a 
77. U.S. Chamber of Commerce Foundation, supra note 6, at 50.
78. Joan Muller, How GM Makes $1 Billion a Year by Recycling Waste, Forbes, 
Feb. 21, 2013, https://www.forbes.com/sites/joannmuller/2013/02/21/
how-gm-makes-1-billion-a-year-by-recycling-waste/#67dc0e572309.
79. U.S. Chamber of Commerce Foundation, supra note 6, at 46-47.
80. See supra note 19; Opportunities to Reduce Greenhouse Gas Emissions, 
supra note 17. 
Materials Consumption and Solid Waste Page 193
typical and traditional concern of local government.”81 
Indeed, as previously noted, under RCRA, nonhazardous 
solid waste management, including recycling, is primar-
ily the responsibility of state and local governments; the 
federal government is there to set minimum standards and 
provide support for state and local efforts. 
Of course, new federal legislation would be one mech-
anism through which to achieve these goals. Scaling up 
from the state and local experimentation described above, 
Congress could pass legislation that: (1) bans the use of cer-
tain GHG-intensive materials and products; (2) sets forth 
minimum recycled content requirements for a wide range 
of materials and products; (3) establishes EPR for a wide 
range of products; (4) establishes life-cycle assessment and 
disclosure requirements for a wide range of materials and 
products; (5) establishes minimum state recycling rates 
and food scrap diversion rates; (6) establishes procurement 
requirements for the federal government consistent with 
circular economy and deep decarbonization goals; and 
(7) funds research and development into alternative bio-
materials that can substitute for plastics. Such an effort 
would be economically justified: the jobs, revenue, and tax 
generation benefits of reuse and recycling of materials and 
products are well established.82    
Without congressional action, however, there is little 
regulatory space in which the federal government can oper-
ate in most of these areas (no legislation would necessar-
ily be required for recommendations 6 and 7). Under the 
Obama Administration, EPA did a good deal to advance 
the effort through setting goals, public reporting, and 
developing information and methodologies. But the more 
feasible legal pathways to a circular economy involve regu-
latory interventions at the state and local levels; shifts in 
the nature of retailer-consumer transactions driven by EPR 
regimes and/or voluntary corporate initiatives; government 
procurement policies; incentives and financial support for 
cutting-edge research and development; and corporate 
governance. In addition, any viable legal pathway will also 
have to account for environmental and public health risks 
posed by the circular economy. These approaches cannot 
match the impact of a fully nationalized circular economy 
regime, but they can nonetheless play a complementary 
role. 
A. Regulatory Interventions at the Federal, State, 
and/or Local Level
As described above in Section III.A, state and local gov-
ernments are already experimenting with regulatory 
81. United Haulers Ass’n, Inc. v. Oneida-Herkimer Solid Waste Mgmt. Auth. 
et al., 550 U.S. 330, 347 (2007).
82. See EPA, Advancing Sustainable Materials Management: 2016 Recy-
cling Economic Information Report (2016). 
approaches that address the waste problems posed by 
products, packaging, food scraps, and industrial solid 
waste. These efforts include local materials and product 
bans, fees, and recycling requirements; state recycling 
and extended producer liability laws; requirements and 
programs for managing food scraps; and industrial solid 
waste regulations. These approaches should be replicated 
in other jurisdictions to further their impact. In addition, 
they could be extended to a broader range of materials, 
products, and waste categories, including construction and 
demolition debris from the building sector. (See Chapter 
10 (New Buildings).) They could also adopt more ambi-
tious goals (e.g., zero waste), intermediate targets and time-
tables for achieving these more ambitious goals, and means 
of achieving them. 
In addition to the existing approaches described in Sec-
tion III and recommended immediately above, there are 
three other interrelated regulatory interventions that could 
be undertaken at multiple scales of government—from the 
federal to the local—to support a transition in materials 
and solid waste management towards a circular economy: 
life-cycle assessment and disclosure requirements, eco-
labeling, and accounting for GHG emissions reductions 
achieved in this sector in emerging carbon markets.  
Life-cycle assessment and disclosure requirements 
imposed by state legislatures might pertain to the broad 
sustainability of a product, or more specifically to its car-
bon footprint, and may inform decisionmaking by both 
government and private consumers. In addition, required 
disclosures may be administrative in nature, or more con-
sumer-oriented, depending on whether one is looking at 
life-cycle assessment as a part of the regulatory process or 
as a way to inform product labels. In the United States, 
there are limited examples of life-cycle assessment and 
disclosure, geared towards either sustainability writ large 
or climate change in particular, in the administrative 
context. EPA is required to perform life-cycle analysis to 
create regulatory standards for renewable fuels under the 
Energy Independence and Security Act of 2007.83 Simi-
larly, the state of California conducts a life-cycle analysis 
of GHGs for transportation fuels.84 In a separate context, 
in assessing the safety of food packaging materials under 
the Federal Food, Drug, and Cosmetic Act, the U.S. Food 
and Drug Administration conducts an assessment pursu-
ant to the National Environmental Policy Act (NEPA) 
that includes an assessment of the environmental impact 
83. See 42 U.S.C. §7545(o)(1); Office of Transportation and Air Qual-
ity, EPA, Regulatory Announcement: EPA Lifecycle Analysis of 
Greenhouse Gas Emissions From Renewable Fuels (2010) (EPA-
420-F-10-006), available at https://www.epa.gov/sites/production/
files/2015-08/documents/420f10006.pdf.
84. Wes Ingram, California Environmental Protection Agency Air 
Resources Board, Staff Report: Calculating Life Cycle Carbon In-
tensity Values of Transportation Fuels in California (2015), https://
www.arb.ca.gov/fuels/lcfs/peerreview/050515staffreport_ca-greet.pdf.
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stemming from the packaging material’s use and disposal, 
including its recycling impact.85 In addition, in Novem-
ber 2016, the federal government amended the Federal 
Acquisition Regulation to “create an annual representation 
within the System for Award Management for vendors to 
indicate if and where they publicly disclose greenhouse gas 
emissions and greenhouse gas reduction goals or targets.”86 
Similarly, in May 2015, EPA amended the EPA Acquisition 
Regulation to include food scrap diversion as an element 
in assigning preferences to potential venues and contrac-
tors for EPA-sponsored meetings and conferences.87 These 
examples indicate potential areas for further legal action 
to enhance life-cycle assessment of materials’ and prod-
ucts’ carbon footprints: new federal or state legislation that 
mandates such assessment and disclosure, environmental 
review under NEPA and its state analogs, and govern-
ment procurement policies at all levels can be leveraged to 
improve information and thus, potentially, influence the 
behavior of government agencies and regulated entities. 
(See Chapter 3.)
Product labeling may also help facilitate a transition to 
the circular economy. Eco-labeling, of course, is nothing 
new. Indeed, a 2009 survey identified about 600 labels in 
use around the world that communicate that various prod-
ucts satisfy one or another standard of being “eco-friendly,” 
including more than 80 on products sold in the United 
States.88 While there is no shortage of questions concern-
ing the efficacy and reliability of many of these labels, it 
is also plausible that a uniform federal life-cycle label, or 
even variable state life-cycle labels, could prove effective.89 
The EU Ecolabel provides one template for what a “circular 
economy” label might look like.90 The Carbon Trust pro-
vides another in its newly launched Zero Waste to Landfill 
certification.91    
Finally, mature and emerging carbon markets devel-
oped by the federal government, subnational governments, 
and/or private actors, operating at the transnational, 
85. Symposium, Food Additives and Packaging, 1162 Am. Chemical Soc’y Symp. 
Series 1, 97-103 (2014).
86. 81 Fed. Reg. 83092 (Nov. 18, 2016).
87. 80 Fed. Reg. 4211 (Jan. 27, 2015).
88. Juliet Eilperin, Environmental Certification Becoming Increasingly Crowded 
and Contested Field, Wash. Post, May 3, 2010, http://www.washing-
tonpost.com/wp-dyn/content/story/2010/05/03/ST2010050301057.
html?sid=ST2010050301057.
89. See Dan Vermeer et al., Duke University, An Overview of Ecolabels 
and Sustainability Certifications in the Global Marketplace 30 (Jay 




filename%3DAn_Overview_of_Ecolabels_and_Sustainabil.pdf. See also 
Jason Czarnezki, The Future of Food Eco-labeling: Organic, Carbon Footprint, 
and Environmental Life-cycle Analysis, 30 Stan. Envtl. L.J. 3 (2011).
90. Commission Regulation 66/2010, 2009 O.J. (L 27) 1.
91. Carbon Trust, The Carbon Trust Standard for Zero Waste to Landfill, https://
www.carbontrust.com/client-services/footprinting/footprint-certification/
carbon-trust-standard/#zero-waste (last visited Oct. 30, 2017).
regional, and state scale, may be able to account for GHG 
emissions reductions achieved through materials and solid 
waste management. Integration will not always be easy.92 
Carbon markets tend to allocate emissions allowances to 
individual emitting entities, and upstream and down-
stream emissions are typically excluded from the mar-
ket (though emissions from purchased electricity may be 
included). Offsets are typically accounted for at the project 
level, and must meet stringent requirements—including 
that the GHG emissions reductions be permanent—that 
may disqualify some or many materials and solid waste 
management approaches. Nonetheless, the Climate Action 
Reserve in California has developed a protocol for obtain-
ing credits for organic waste (food scrap) diversion in 
voluntary markets.93 And the Clean Development Mecha-
nism to the Kyoto Protocol includes a methodology for 
obtaining offset credits for “the recovery and recycling of 
materials in municipal solid waste (MSW) to process them 
into intermediate or finished products, displacing the pro-
duction of virgin materials in dedicated facilities, thereby 
resulting in avoidance of energy use.”94 
B. Research and Development
The transition to a truly circular economy will require 
significant innovation and development in the design of 
products and the content of materials that make up the 
real economy. Design must be made to extend the life-
time of materials and products. And new materials, like 
those discussed in Section III.B above, must replace some 
of the carbon-intensive materials that currently dominate. 
Funding for this large-scale research and development 
project will likely derive primarily from the private sector, 
as companies seek to profit from emerging demand, but 
federal and state governments clearly have a role to play. 
For example, Congress could increase funding for bioma-
terials research at the Division of Materials Research at the 
National Science Foundation.95 State and local govern-
ments could also give tax breaks and other incentives to 
new materials companies seeking to enter the market. 
C. Corporate Governance
As discussed in Section III.C above, a number of corpora-
tions have adopted the mantra of the circular economy, 
92. See Anne Arquit Niederberger et al., Implications of Carbon Markets for 
Implementing Circular Economy Models, 5 Eur. J. Bus. & Mgmt. 187 (2013).
93. Syd Partridge, Climate Action Reserve, Organic Waste Composting 
Project Protocol, Version 1.1 (2013).
94. United Nations Framework Convention on Climate Change, Clean 
Development Mechanism, AMS-III.A.J., Small-scale Methodology: 
Recovery and Recycling of Materials From Solid Wastes, Ver-
sion 5.2 (2016), available at https://cdm.unfccc.int/methodologies/DB/
M4DX4J0UJZXVHGY3P6VNI129X3AD2R.
95. National Science Foundation, Division of Materials Research Homepage, 
https://www.nsf.gov/div/index.jsp?div=DMR (last visited Oct. 30, 2017).
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and tied GHG emissions reductions targets or broader sus-
tainability goals to enactment of one or more closed-loop 
reforms. Companies perceive the economic efficiencies that 
may be achieved and the advantages of voluntary action in 
comparison with regulation, and undoubtedly appreciate 
the positive public perception that attaches to such sus-
tainability efforts. Companies that operate at every stage of 
economic activity—from extraction to transportation to 
manufacture to retail to service—should consider mech-
anisms, including circular economy concepts, through 
which they can demonstrate leadership in materials and 
solid waste management and reduce the use and waste of 
embedded GHG emissions.
D. Managing Environmental Risks of Specific 
Materials
Circulating materials and products through iterative uses, 
especially where this requires deconstructing and recon-
structing them, raises environmental risks that must be 
addressed on a material-by-material, product-by-product 
basis. This section briefly discusses some of the key risks of 
three particular materials—electronic waste, plastics, and 
nanomaterials—and how they should be addressed.
Electronic waste is made up of many different toxics, 
heavy metals, polychlorinated biphenyls (PCBs), and other 
carcinogenic or otherwise harmful chemicals. There are 
several strategies for managing e-waste, once it has been 
created. One strategy is to refurbish and reuse electronic 
products rather than breaking them into their component 
parts. This strategy limits the potential release of toxics, 
limits the amount of waste reaching landfills, and creates 
a longer life cycle for existing products. Another manage-
ment strategy could be called safe recycling. Safe recycling 
of e-waste means breaking down and recapturing both the 
useful and dangerous byproducts contained within prod-
ucts. The useful materials can be reused while the toxics 
can be captured and safely disposed of. This strategy could 
be enhanced by designing electronic products for easy dis-
assembly and repurposing, consistent with the basic pre-
cepts of the circular economy model. The final strategy 
for managing e-waste could be referred to as unsafe recy-
cling or simply salvage. E-waste managed unsafely, often 
by impoverished people in nations that did not create the 
e-waste, creates immediate health risks as unsafe chemi-
cals and fumes are inhaled directly by salvagers. This pro-
cess also creates long-term risks when toxics leak into the 
environment, potentially polluting local water systems and 
ecological systems. The risks around e-waste can be dealt 
with through design requirements imposed by federal or 
state governments on electronic products that facilitate 
repurposing and recycling. These may also be addressed 
through state e-waste regulations. Unsafe recycling is not 
recommended, but may well be inevitable.
Recycling and repurposing plastic also carry risk. Many 
plastic products are not made of “pure” plastic. They may 
contain nanomaterials, sealants, dyes, and any other num-
ber of substances. Recycled plastic products, if not closely 
managed, will contain some portion of these “other” sub-
stances. If these substances are toxic, the newly minted 
recycled plastic products will also be toxic. Common flame 
retardants are an example of a toxic substance that can 
be released into the atmosphere and into recycled plastic 
products if facilities do not specifically manage against this 
hazard. New and existing regulations of plastic recycling 
facilities, promulgated by the federal government or states, 
can address the potential leakage of these materials. 
Finally, the number of products containing nanomate-
rials has expanded dramatically in the past decade—from 
concrete, to batteries, to paints, and plastic bottles. As the 
name suggests, these materials are extremely small. When 
used in products, they are contained. But during recy-
cling processes, they may be released into the environment 
directly or in wastewater as they escape through filters that 
are simply not fine enough to capture nanoparticles. Many 
nanoparticles are toxic or carcinogenic, which creates risks 
to humans and other animals that ingest or inhale loose 
particles. The amount of nanomaterial released during 
recycling processes and the effect of these particles is still 
unclear. Yet because of their toxicity and increased bio-
availability (due to the small size and easy uptake of these 
particles), it seems likely that managing these particles will 
be an important part of waste management moving for-
ward. Increased research on management of nanomaterials 
in the waste stream and eventual regulation by the federal 
government or states adopting best practices is necessary to 
adequately address this issue.96
V. Conclusion
The circular economy, even understood in the fairly lim-
ited sense of applying primarily to materials management 
and industrial ecology, provides a potentially centripetal 
force through which to reconstitute and remobilize efforts 
to “reduce, reuse, and recycle.” The GHG emissions reduc-
tions to be achieved are difficult to separate out from other 
deep decarbonization efforts discussed in this volume, but 
the intuitive appeal is obvious: the less we create, the less 
we use, the less we waste, the less we emit. What is more, 
EPA has made some estimates of what enhanced recycling 
programs might achieve. A comprehensive approach that 
96. See Organisation for Economic Co-operation and Development, 
Nanomaterials in Waste Streams: Current Knowledge on Risks and 
Impacts (2016); Chemical Substances When Manufactured or Processed as 
Nanoscale Materials; TSCA Reporting and Recordkeeping Requirements, 
82 Fed. Reg. 3641 (Jan. 12, 2017).
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assigns specific waste reduction responsibilities and tar-
gets to government and private actors for a full range of 
materials and products could be enacted through federal 
legislation. States and local governments can continue 
to innovate though their regulatory interventions. The 
federal, state, and local governments can all contribute 
through procurement policies and funding and incentiv-
izing research and development. Private actors can assist 
by installing private governance regimes that reduce waste 
in every stage of their operation.
